In this paper, solubility and low temperature miscibility of refrigerants R407C and R410A in four different commercial Polyolester (POE) 
I. INTRODUCTION
The transition to environmentally acceptable working fluids for refrigeration and air-conditioning systems requires the identification and optimal choice of new lubricants that are compatible with HFC refrigerants. The first requirement for such lubricants is that they are miscible with the refrigerants at all operating conditions. A miscible refrigerant/lubricant mixture is required in refrigeration systems for compressor lubrication, for maximum heat transfer performance in the evaporator, and for proper lubricant return to the compressor. Lubricant return is a continuous concern of manufacturers and operators, since it affects performance and reliability of the refrigeration system. Refrigerant/lubricant mixtures must have sufficient viscosities at high temperatures. For use is hermetic compressors with internal motors found in household refrigerators, such lubricants should also have good electrical insulation properties.
Polyol Ester (POE) lubricants have been identified to satisfy to these requirements for different types of refrigeration compressors. Commercial production of POEs and is currently available for ISO grade from 10 to 350. Almost all these lubricants have different additives that is affect greatly on the fluid properties (miscibility, solubility, density, and especially viscosity).
Unfortunately, there are no methods currently available for calculating properties that can provide reliable estimates for refrigerant/lubricant mixtures and optimal choice of lubricants for new refrigeration systems. Such methods for the solubility and miscibility may be based on the equation of state (EOS) and/or the activity-model (solution) theory, because the mutual solubility and miscibility are nothing but the thermodynamic phase equilibrium (vapor-liquid equilibrium VLE and vapor-liquid-liquid equilibrium VLLE). The models mentioned above must be verified by the reliable experimental data obtained for the mixtures of POEs with HFC alternative refrigerants, especially with mixed refrigerants R407C and R410A. One of the potential problems in applying POEs in refrigerating machines is given by the possible immiscibility of the lubricant with the refrigerant. This phenomenon can determine oil accumulation inside the heat exchanger tubes, reducing heat transfer capabilities, and lowering the oil transportation to the compressor, resulting in an overall decrement of the refrigeration cycle performance and possible damages to the compressor.
The first objective of this work is to obtain an accurate body of data sufficient to characterize the solubility (VLE) and low temperature miscibility (lower critical solution temperature LCST) of refrigerants R407C and R410A with POE lubricants, produced by the same company but with different ISO standard viscosity. The second aim of this research is to evaluate the possible correlation of solubility and miscibility with standard viscosity of the lubricant.
II. BRIEF LITERATURE REVIEW
The fullest reviews of experimental data and the both predictive and correlative thermodynamic models for VLE of refrigerant/lubricant mixtures are given in the literature sources [1, 2] . The main conclusions based on these reviews are the follows: (1) the most solubility data were obtained for the mixtures of the pure refrigerant (mainly R134a) with the POE lubricants by different producers, but it is impossible to systemize these results; (2) only limited information is available for the solubility of mixed refrigerants with the POE lubricants [1] [2] [3] [4] [5] ; (3) miscibility limit at high temperatures (upper critical solution temperature UCST) and LCST until resent time practically were not studied. The exception are the work [6] , where a limited experimental data were obtained for the UCST of the CO 2 with the POE oils ISO 46 and ISO 68, and the research [7] for LCST of R134a with two samples of POE ISO 22.
The most reliable and detailed VLE and VLLE results were obtained for the mixtures of the blended refrigerant R410A and its compounds R32 and R125 with the POE oil ISO 32 [8] . A special visual experimental device was designed and the measurements were performed over a wide range of mixture compositions and a temperature range from -40 to 52 °C. The results of this study show that immiscible area covers a wide range of parameters (for example, from 5 to 40% oil at 40 °C).
III. EXPERIMENTAL METHODS AND PROCEDURES
Vapor pressure (solubility) measurements. A schematic diagram of the vapor pressure (solubility) measuring device is shown in Figure 1 .
Figure 1 − Vapor pressure measuring device
Vapor pressure is measured using calibrated, constant volume cells with the volume of approximately 25 cm 3 , placed in the temperature bath and connected to the sensitive (to within ±1 kPa) pressure transducer. The design of this measuring device eliminated the condensation of the refrigerant in the line connected the cell and the pressure transducer. The mixture sample of a desired composition prepared by weighting each component is charged into the cell. The cell's head space is minimized, and the amount of vapor refrigerant in the head space at experimental temperature and pressure is calculated using the equations of states available from literature. Since the actual mixture composition in liquid phase changes with experimental temperature and pressure, the final mixture composition is determined taking into account the amount of vapor refrigerant in the head space. Vapor pressure data are obtained at essentially constant mixture composition over a range of temperatures by adjusting the amount of the lubricant and the refrigerant charged to the cell at each composition.
Miscibility measurements. LCST of the refrigerant/lubricant mixtures were measured to within experimental uncertainties that do not exceed ±1 °C using the constant volume cell. A schematic diagram of this device is shown in Figure 2 . The measurements were made using high pressure sapphire cell. The volume of the cell was calibrated with distilled water. The mixture sample of a desired composition was prepared by weighting each component and then was charged into the cell.
Figure 2 − Miscibility measuring device
Miscibility limit (LCST) was directly obtained by visual observation of a «milky haze» followed by a phase separation. Assuming that the head space contains only the refrigerant blend in the vapor phase, we have analyzed the following affects: (1) the mass of the gaseous refrigerant blend changes with the level of the liquid, the temperature, and the pressure; (2) because of this, the concentration of the liquid phase changes too and may differ from the initial concentration; (3) the preferential solubility of the refrigerants may also change the initial mixture composition. Our calculations for the experimental conditions show that all these uncertainties are negligible.
IV. EXPERIMENTAL RESULTS AND DISCUSSION
Vapor pressure and LCST were measured for 8 refrigerant/lubricant mixtures. Refrigerants R407C and R410A and 4 POE lubricants ISO 32, 46, 68, and 220 by the same producer were chosen for this study. All solubility measurements are made at oil mass fractions 30, 50, 70, 80, and 90% over a temperature range from -20 to 100 °C, and pressures up to 5 MPa. Figures 3 and 4 show vapor pressure -temperature and vapor pressurecomposition diagrams for R407C/POE 32 ludricant. 
where P is the pressure in bars, t is the temperature in °C, x is the oil mass fraction. The coefficients a ij for all mixtures studied are given in Table 1 . Experimental LCST data are given in Table 2 , and Figures 5 and 6 demonstrate the LCST for all systems under research. 
where t is the temperature in °C.
The coefficients b i are given in Table 3 . The parameters of solubility critical points are given in Table 4 . Analysis of the obtained results showed that higher viscosity oils leads to poor solubility of the refrigerants, but the solubility of refrigerant/lubricant mixtures depends weakly on the viscosity grade of the oil. For example, experimental vapor pressure data at 20 °С for the mixtures of R407C with the lubricants ISO 32 and ISO 68 differ by only 0,1 bar. At the same time, the miscibility gap (LCST) differ much bigger. The lower viscosity grade of the oil, the lower LCST of the refrigerant/lubricant mixture. As can be seen from Fig. 5 , the LCSTs for the mixtures of R407C with the lubricants with the viscosity grades 32 and 220 differ by 30-45 °С.
V. CONCLUSIONS
Solubility and low temperature miscibility of refrigerants R407C and R410A in four different commercial POE lubricants, produced by the same company but with different ISO standard viscosity grade (32, 46, 68, and 220), are measured with the aim to evaluate the possible correlation of solubility and miscibility with standard viscosity of the lubricant.
Vapor pressure (solubility) is measured using calibrated, constant volume cells, placed in the temperature bath and connected to the sensitive (to within ±1 kPa) pressure transducer. Data are obtained at essentially constant mixture composition The mixture sample of a desired composition prepared by weighting each component is charged into the cell. Vapor pressure is measured at oil mass fractions 30, 50, 70, 80, and 90% over a temperature range from -20 to 100 °C, and pressures up to 5 MPa.
The measurements of miscibility limit (lower critical solution temperature) were made using highpressure sapphire cell. LCST was directly obtained by visual observation of a «milky haze» followed by a phase separation. Miscibility data were obtained at oil mass fractions from 5 to 50% over a temperature range from -60 to 0 °C. A set of simple equations was derived to describe the experimental results. The parameters of solubility critical points were calculated.
Analysis of the obtained results showed that the solubility of refrigerant/lubricant mixtures depends weakly on the viscosity grade of the oil. At the same time, the miscibility gap (LCST) differ much bigger for various refrigerant/lubricant mixtures. The lower viscosity grade of the oil, the lower LCST of the refrigerant/lubricant mixture. LCSTs for the mixtures of R407C with the lubricants with the viscosity grades 32 and 220 differ by 30-45 °С. 
